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ABSTRACT

Whole plant samples were obtained at grain maturity 
from nine wheat varieties. . Plants were physically separated 
into grain, stems, leaves and non-grain portions of the 
spike. Plant fractions were analyzed for in'vitro dry matter 
disappearance and chemical composition. Across varieties, 
grain and non-grain fractions averaged 41 and 59% respec
tively, and varietal differences were observed in leaf and 
grain fractions as a percent of the entire plant. Differ
ences due to variety were observed in in vitro dry matter 
disappearance and most chemical components of leaves and 
stems.

In a field study conducted in Mexico, grain was esti
mated to account for 37% of the dry matter produced and only 
33% of the non-grain residue was recovered as baled straw. 
Separation of baled straw indicated a higher percentage of 
stems (60%) and lower content of non-grain spikes (12%) than 
was found in hand-harvested residue.

The variation in physical and chemical composition 
and particularly in in vitro dry matter disappearance of 
leaves and stems among the small sample of wheat varieties 
investigated in this study indicates that quality differences 
in wheat straw do exist. It would appear that straws with



improved feeding value could be identified or developed 
without necessarily decreasing grain yield.



INTRODUCTION

Wheat straw is an abundant feed resource, represent
ing more than half of the total plant dry matter produced by 
a wheat crop. Diets containing high amounts of straw will 
not support satisfactory performance by ruminant animals 
because of its low energy value and low crude protein con
tent. Nevertheless, crop residues such as cereal straws are 
important sources of energy in ruminant diets in overpopu
lated developing countries where production of food crops 
has priority over that of feedstuffs (Bhattacharya and 
Pervez, 1973). In Sonora, Mexico, which is the main wheat 
producing state in that country, variable amounts of wheat * 
straw are utilized for feeding range cattle on overgrazed 
ranges or during periods of drought in order to maintain the 
animals; however, most straw left on the fields following 
grain harvest is either incorporated to the soil or burned.

Considerable research has shown that feeding value 
of straws and other low quality roughages can be improved by 
physical (Blaxter, Graham and Wainman, 1956; Montgomery and 
Baumgardt, 1965; Burt, 1966) and chemical (Garrett et al., 
1976; Rexen and Thomsen, 1976; Klopfenstein, 1978; Klopfen- 
stein, Berger and Paterson, 1979) treatments, but these 
methods are not widely used since they represent an addi
tional cost for"the straw.
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Little information is available on the nutritive 

value and yield of wheat straw from different wheat varie
ties. If sufficient variation exists in physical, chemical 
and nutrient availability among varieties, this information 
would be useful to livestock producers and might indicate 
the potential to improve the nutritional value of this resi
due by genetic selection without a high increase on the 
residue cost.

Shenk (1975) developed a model, to determine the ... 
effect of improved forage quality on animal performance 
(i.e., milk production). In this model, production was to 
be achieved from rations of forage supplemented with corn 
and soybean meal. The model showed that if either net energy 
or protein in the forage were improved by 0.1 meal/kg, or 
4.3% respectively, or yield by 0.79 metric tons of dry matter 
per hectare, a $43/ha return would be achieved above a stan
dard cultivar yielding 9.9 metric tons of dry matter per 
hectare, with a net energy value of 1.35 meal/kg and 16% 
protein. If net energy, protein and yield were improved 
simultaneously, the results were largely additive.

The objective of this thesis was to examine the 
variability among wheat varities in physical composition of 
the whole plant, chemical composition and in vitro dry matter 
disappearance of the various plant parts.



LITERATURE REVIEW

Despite the abundance of wheat straw, very little 
has been published relative to the variability in its nutri
tive value. Literature on forage species other than wheat 
straw was included in this review because of the lack of 
information about botanical and varietal feeding quality 
differences of wheat straw. Perhaps assumptions about genet
ic improvement in other species can be applied to Wheat 
straw.

Magnitude of the Crop Residue Resource 
Atchison (1976) estimated the total availability of 

wheat, barley, oat, rice and rye straws in the United States 
arid world in 1972 were 66 and 880 million dry metric tons 
respectively (Table 1).

Similar to the above United States figure. Walker et 
al. (1976) estimated that there is approximately 71.2 million 
metric tons of cereal residues available for feed use in the 
United States.

Blanchard, Combs and Ward (1977) concluded that the 
amount of crop residue available in each state and region of 
the United States, with the exception of the Southeast 
region, exceeded the feed requirements of the 42.6 million 
beef cows present in the United States. It was also pointed

' 3



Table 1. Estimated availability of specific non-wood plant 
fibrous raw materials, 1972.
Values are for potential availability with present 
collection methods.

Raw Material
Worldwide 
(1000 DMT)a

Continental U.S. 
(1000 DMT)a

Wheat straw 550,000 50,000
Barley straw 40,000 5,000
Oat straw 50,000 8,000
Rice straw 180,000 1,000
Rye straw 60,000 2,000.

aDry metric tons

out that diets composed mainly of crop residue would require 
substantial protein supplementation.

In a task force report, "New Challenges for the Beef 
Cattle Industry!1 (1975) / it was indicated that the potential 
in 1973 for additional roughage in Arizona was 207,600 tons 
of barley straw and 315,360 tons of wheat straw. The report 
remarked that only a portion of this potential was harvested 
and that effective demand as well as the availability of 
fuel, bailing wire, and equipment were all involved in its 
future, but the potential remains.
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Rush (1977) indicated that as our world population 

increases and more pressure is put on agriculture produc
tion, the entire plant produced on the land will undoubtedly 
be utilized more efficiently. Presently when wheat is har
vested for grain, for example, almost 50 percent of the dry 
matter remains on the land. In many cases the residue can 
be used as livestock feed.

Anderson (1978) stated that historically. United 
States cereal residues have, been.neglected as feedstuffs. 
Population growth has brought about more competition between 
man and animals for available food, and competitive feeds 
have been increased in price. Consequently, interest in 
feeding these materials has increased. Research and educa
tional programs need to be developed in the following areas: 
(1) characterize the nutrient composition and varietal dif
ferences of cereal residue; (2) measure intake and botanical 
and chemical composition of diets selected by cattle grazing 
cereal stubble; (3) compare barley, oat, and wheat residues; 
(4) study the effects of the addition of urea/or molasses; 
.(5) develop more economical collection, handling, transpor
tation and storage methods; (6) prepare programs and publi
cations on nutritional considerations for cereal residue use 
in beef cattle systems.
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Genetic Variability in Nutritive 
Value of Some Forages

Cereal Straws
Little information is available concerning varietal 

differences in nutritive value of crop residues and even 
less about the small grain residues.

Minister (1977) indicated that the digestibility of 
eight barley straws ranged from 36.2% to 48.8% with a mean 
of 42.2%. (Table 2).

Table 2. Digestibility of spring barley straws.a

Variety Digestibility (%)
Mazurka 48.8
Maris Mink 46.2
Varunda 45.0
Julia 43.7
Aramir 41.1
Abacus 38.6
Arnelle 38.3
Lofa Abed 36.2

MEAN 42.2

aFrom Minister, 1977.



Acock et al. (1978) conducted a laboratory study to 
evaluate the effect of location, variety, and maturity on 
in vitro organic dry matter disappearance, crude protein and 
ash of samples from 12 wheat straw varieties. It was found 
that characteristics of wheat straw varied more with loca
tion than with variety and as maturity increased in vitro 
organic matter disappearance decreased.

Swingle (unpublished data, 1978) conducted an ex
periment to determine chemical composition and in vitro dry 
matter disappearance (IVDMD) of straws from two varieties of 
wheat (Siete Cerros and Cajeme 71) -and -barley (Arimar and 
Arizona 70-1). The IVDMD of Cajeme 71 was slightly higher 
than Siete Cerros and IVDMD was definitely higher for the 
wheat straw compared to barley straws (46 vs 41%). No dif
ference in chemical composition due to straw type or variety 
were observed.

Cereal Forages
Fisher and Fowler (1975) conducted an experiment to 

determine the dry matter yield, percent dry weight, in vitro 
digestible organic matter, neutral detergent fiber, acid 
detergent fiber, ash and hemicellulose content for spring and 
fall-sown common wheat, barley, rye and triticale and spring- 
sown durum wheat and oats for the period of from late boot to 
maturity. Differences among cultivars and stages of maturity 
were significant for all parameters. These differences were



accompanied by stage of maturity interactions. In the 
spring-sown wheat cultivars f Opal had greater digestible 
organic matter than Pitic (66 vs.61%) at 40 days after the 
first tint and in the spring-sown oats OAC-1254 had greater 
digestible organic matter than OAC-1233 (61 vs. 55%) at about 
20 days after the first cut? this difference decreased (52 
vs, 51%) at 40 days after the first cut. Within the fall- 
sown wheats Fredrick had higher digestible organic matter 
than Miro (54 vs 58%) at 20 days after the first cut? the 
difference also decreased at 40 days after the first cut 
(60 vs. 59%) .

Hadjichristodoulou (1976) studied the effect of 
rainfall on dry matter (DM) yield, DM content and crude pro
tein (CP) content of eight barley and three wheat varieties 
under semiarid conditions in Cyprus for 5 years. The 628 
barley variety gave the highest mean yields (6.7 and .69 
t/ha of DM and CP respectively)> showed the highest response 
to annual rainfall (33 g DM/mm/rainfall) and gave high yields 
in all environments. Dry matter (DM) yield was not affected 
significantly by earliness but late varieties had higher dry 
matter and lower crude protein contents than early varieties. 
Varietal differences in DM yield were significant with mean 
yields ranging from 4.48 to 6.69 t/ha. The best varieties 
were 628, 077 and 48 Alger barley which outyielded the local 
variety Athenais by 17%, 11% and 9% respectively.
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Sayre (1971) separated different maize plant geno

types into kernels, cobs, leaves, husks and stalks. In 
vitro true dry matter disappearance, chemical and physical 
analysis was determined for each plant part. Significant 
genotype variation was present in the dry matter disappear
ance, chemical composition and physical composition of the 
plant parts. No differences, however, were observed in 
kernel in vitro true dry matter disappearance. Plant part 
percent ranges of whole plant dry weight for 19 hybrids 
harvested at the optimum stage for silage in 1968 were 42.6 
- 54.8, 6.3 - 11.1, 11.4 - 15.6, 5.3 - 8.7 and 18.5 - 24.8 
for kernel, cob, leaf, husk and stalk fractions respectively. 
The in vitro true dry matter disappearance ranges within the 
same hybrids were 98.5 ^ 99.2, 58.0 - 74.1, 76.3 - 80.1,
78.8 - 86.5 and 64.9 - 73.3 for kernel, cob, leaf, husk and 
stalk fractions respectively. The kernels were highest in 
digestibility followed by the husks and then leaves. Cob 
and stalk digestibilities were similar and lower than leaves. 
Kernels also were the highest in the percent of whole plant 
dry weight followed by stalks, leaves, cobs and husks.

Roth et al. (1970) conducted an experiment in which 
thirty-six maize (Zea mays L.) single crosses and varieties 
were analyzed to determine if there was genetic variability 
for five forage quality traits: in vitro digestible dry
matter, acid detergent fiber, acid detergent lignin, cell
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wall content and crude protein. Significant genetic vari
ability was found for all of the traits and all were inter
correlated, except for crude protein. The ranges as percent 
of the dry matter within the single crosses were 71.0 - 
76.6, 22.0 - 27.9, 2.3 - 3.2 and 40.0 - 45.3 for in vitro 
digestible dry matter, acid detergent fiber, acid detergent 
lignin and cell wall content respectively. The data indi
cated the feasibility of breeding maize varieties which 
would be superior (for silage quality) to varieties devel
oped for grain yield alone.

Porter et al. (1978) conducted an experiment with 
chemically induced brown midrib (bmr) mutants of sorghum 
(Sorghum bicolor (L.) Moench) which were characterized with 
regard to phenotype, fiber composition and in vitro dry 
matter disappearance (IVDMD). Ten of the 13 mutants had 
significantly less stem lignin than the normal counterparts. 
Reductions in lignin ranged from 5 to 51%. in stems and from 
5 to 25% in leaves. In the case of the other fiber compo
nents, only occasional differences were observed between 
normal and mutant plants. Increases in IVDMD and in vitro 
cell wall constituents of 33 and 43% respectively, were 
associated with the presence of bmr genes. Variations among 
mutants in lignin concentration probably indicates that 
several different bmr genes were involved. Similarities 
between the’ bmr genes of sorghum and the bmr genes of maize
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(Zea maiz L.) suggest the possible existence of similar 
genes in other grasses, although their identification may be 
more complicated because they are polyploid.

Stuthman and Marten (1972) evaluated 30 cultivars of 
oats (Avena sativa L.) for forage quality and yield at head
ing and 10 days later. Quality traits measured in the first 
year included in vitro digestible dry matter (IVDDM), cell 
wall constituents (CWC), acid detergent fiber (ADF), acid 
detergent lignin (ADL), and crude protein (CP) concentra
tion. Eleven of the cultivars were tested for two additional 
years. All three fiber components (CWC, ADF and ADL) were 
positively correlated with each other and all were nega
tively correlated with IVDDM. Of the three, however, ADL 
was most closely associated with digestibility. Yield and 
quality were negatively correlated at heading, but indepen
dent 2 weeks later. Forage yield and grain yield were not 
associated. Forage yield was correlated with plant height 
and heading date. Cultivars differed in oat forage quality 
within a given environment; differences, however, generally 
were not repeatable over years. In contrast, cultivar vari
ation for forage yield was consistent over years and suffi
cient for effective selection. Therefore, it was recommended 
that primary emphasis be placed on forage yield in the devel
opment of superior forage oat cultivars. However, forage 
quality should be examined before making, final selection.
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Other Forages

Christie and Mowat (1968) worked with individual 
clones of bromegrass (Bromus inermis Leyss) and orchard 
grass (Dactylis glomerata L.) which were harvested at cor
responding stages of maturity within each species. The 
orchard grass clones were harvested in 1962, and the in 
vitro digestibility (IVD) was based on the whole plant. 
Bromegrass clones, harvested in 1965 and 1966, were sepa
rated into leaves and stems. The IVD of each component was 
determined and from these the IVD for the whole plant was 
estimated. Among 444 orchardgra-s-s clones, IVD values ranged 
from 49 to 68%. Most of the variation was attributed to 
genotypic effects. For approximately 250 clones of brome
grass, IVD values ranged from 66 to 75%, 58 to 73% and 62 to 
74% for leaves, stems and whole plant respectively. Over 
the two-year period, differences among stems and whole plant 
were significant. Correlations between leaf and stem digest
ibilities were significant but of low magnitude. Ten clones 
of bromegrass had stems and leaves of equal digestibility.
In bromegrass IVD values showed no relationship to several 
phenotypic characteristics.

Bhat and Christie (1975) selected nineteen genotypes 
of bromegrass (Bromus inermis Leyss), 10 of high in vitro 
digestibility' (IVD) and nine of low, which were harvested 
at three stages of maturity in the field and two stages in
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the growth room. Stems (including leaf sheaths and heads) 
were divided into top and bottom portions, dried, ground, 
and analyzed for acid detergent fiber (ADF), lignin, cellu
lose, silica, total cell wall constituents (CWC) and IVD.
The IVD declined at the rate of one percentage unit/day from 
head emergence to headed stage and 0.5 percentage unit/day 
from headed stage to anthesis field conditions. The top 
portion was approximately 4 to 8 units more digestible than 
the bottom. All cell wall components increased from head 
emergence until headed. From the headed stage to anthesis, 
lignin and silica increased, whereas, ADF, cellulose and 
CWC, declined. All cell wall components except silica were 
higher in the bottom portion that in top. All the cell wall 
components showed significant negative correlations with 
IVD, but lignin had the highest phenotypic and genotypic 
correlation coefficients followed by ADF. Lignin and ADF 
were positively correlated. Lignin content of the plant 
could be used as a criteria for selection for IVD.

Koch (1976) compared ten named timothy (Phleum pre
tense L.) cultivars varying in maturity to common timothy 
for in vitro dry matter digestibility (IVDMD) in 1973 and 
1974. Early cultivars had significantly higher IVDMD at 
early heading compared with later maturing cultivars. The 
lower IVDMD of later-maturing cultivars at early heading was 
offset by the slower daily decline in IVDMD. At early
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anthesis there was little difference among cultivars in 
IVDMD. The time interval between early heading and early 
anthesis varied from 11 to 16 days from the earliest and 
latest maturing timothy cultivars, respectively. Days from 
initial heading to initial anthesis was highly correlated 
(r = -.71) with daily decline in IVDMD. Results indicate 
that selection for relatively early maturity at initial 
heading should improve chances for increased IVDMD in 
timothy.

This literature review shows that genetic variabil
ity in nutritive value exists among some forages. Data for 
cereal straws is limited, but genetic selection is perhaps 
the most promising means of improving feeding value of this 
residue for ruminants.



MATERIALS AND METHODS

Variety Test Samples 
Plant samples were obtained at grain maturity from 

nine wheat varieties grown in a yield test arranged as a 
randomized complete block design with three replications per 
variety, at Safford, Arizona. Varieties evaluated were:
(1) Cajeme 71; (2) NK Probred; (3) Yecora Rojo; (4) Zara
goza; (5) WPB 901 R; (6) Super X 66; (7) WS-6;' (8) Germains'
W444; (9) WPB 903 R. Quality evaluation and grain yield
test of the wheat varieties utilized in this study have been 
reported in Arizona Agri-files (Appendix A ) . Crop history 
data is also included in those reports. Three or four whole 
plants from each replication were harvested by hand immedi
ately prior to combining of the grain.

Each plant was physically separated into stems, 
leaves, grain and non-grain portions of the spike. The 
spike was separated from the rest of the plant and fraction
ated into grain and non-grain portions, which included 
beards, lemmas, glumes and rachis, using a laboratory thresh
ing unit. Leaves were separated from the stems by cutting
the stems at each node. Plant fractions were weighted and
then ground to pass a 1 mm screen in a Wiley mill. A por
tion of the ground material from each plant was retained for

15
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chemical analysis and determination of in vitro dry matter 
disappearance (IVDMD).

Dry matter, ash and crude protein (Kjeldahl nitrogen 
X 6.25) were determined by A.O.A.C. (1970) methods. Acid 
detergent fiber (ADF), cellulose and permanganate lignin 
were determined by the methods of Goering and Van Soest 
(1970). Neutral detergent fiber (NDF) was determined in all 
non-grain fractions by the method of Goering and Van Soest 
(1970) and in the grain portion by the method of Robertson 
and Van Soest (1977). Hemicellulose was calculated as. the 
difference between NDF and ADF (Goering and Van Soest, 1970).

In vitro dry matter disappearance was determined 
using a modification of the two-stage technique developed by 
Tilley and Terry (1963). Samples of approximately 0.5 g 
were used and incubations were carried out in 50 ml centri
fuge tubes equipped with gas release valves. In the first 
stage,-samples were incubated for 48 -hr at 39°C in a water 
bath with 20 ml saliva buffer (McDougall, 1949) and 10 ml of 
strained rumen fluid. Five milliliters of urea solution 
(2.6 g/1 of distilled water) were added to the tubes con
taining non-grain samples. Rumen fluid for digestion of 
non-grain fractions was obtained from a fistulated steer fed 
alfalfa hay cubes and for digestion of grain samples from a 
steer fed a 70% sorghum grain diet. Whole rumen contents 
obtained 3 hr after the morning feeding were strained
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through four layers of cheesecloth and one layer of glass- 
wool. The fluid portion was re-strained through four layers 
of cheesecloth and two layers of glasswool and then satu
rated with carbon dioxide prior to use. Following the 
initial incubation, four drops of isoamyl alcohol (antifearn
ing agent), 2 ml of 2.2 N Hcl and approximately 0.1 g of 
pepsin (1:10,000) were added to each tube and the second 
stage incubation continued for 48 hr. Upon completion of 
the pepsin digestion, contents of the tubes were filtered 
through glasswool in 25 ml porcelain gooch crucibles as 
described by Moore and Mott (1974). Residues were dried at 
100°C and used to calculate percent IVDMD. Duplicate de
terminations in each of two runs were made for each sample.

Analysis of variance (Tables 18-28, Appendix B) and 
Duncan's multiple range test (Steel and Torrie, 1960) were 
used for statistical treatment of composition and IVDMD data. 
Correlation analyses were conducted using the Statistical 
Package for Social Sciences (SPSS) computer program (Nie et 
al., 1975).

Commercial Field Observations
Yield, physical composition and recovery of straw 

following grain harvest were evaluated in commercial wheat 
fields located in the Yaqui and Mayo valyes in Northwest 
Mexico.



Yield and recovery data were obtained from a Pavon
wheat field in the Yagui valley. Total dry matter yield was

2 2 determined in two plots, one 8 m and the other 1 m , and
used to estimate total dry matter production per hectare.

oStraw recovery was evaluated by baling the straw on 962 m 
immediately after combining. Five bales (from a total of 
23) were weighted to calculate the material recovered per 
nectare. An estimation of the dry matter remaining on the 
field after baling of the straw was made by subtracting 
estimates of harvested straw and grain from the total dry 
matter estimate. Field observations were made before and 
after combining.

Samples of baled wheat straw from three varieties, 
Pavon, Pima and Nacozari, grown in the Mayo valley and the 
Pavon grown in the Yagui valley were physically separated 
into stems, leaves and non-grain portions of the spike as 
described previously. It was felt that separation of the 
baled material was less, precise than for the whole plant 
samples since considerable material from the spike and leaf 
portions was left after each separation. One individual 
separated Pavon and half of. the Nacozari sample grown in 
the Mayo valley; the rest was separated by a different in
dividual. A few kernels attached to immature spikelets 
were observed in the baled samples and accounted for in the 
non-grain spike portion.



RESULTS

Variety Test Samples 
Physical composition data are shown in Table 3. 

Across all varieties, the non-grain fraction averaged 59% of 
the total dry matter, with each of the fractions contribut
ing approximately equal amounts. No differences (p > .05) 
were observed among, the nine varieties in percentage of 
leaves or non-grain spikes. Considerable-variation was seen 
in percentages of stems and grain with three varieties 
(Cajeme 71, NK-Probred and Yecora Rojo) having less than 18% 
stems and more than 42% grain and two varieties (Germains 
W444 and WPB 903 R) having more than 24% stems and less than 
40% grain (p < .05).

Crude protein values are shown in Table 4. As ex
pected, protein content was higher in grain and low in all 
non-grain fractions. Protein in the grain averaged 14.3% 
across varieties with relatively little variation, although 
the highest values (15.3%, NK-Probred;. 15.1% Germains W444) 
were different (p < .05) from the lowest (13.0%, Zaragoza; 
12.7%, WPB 901 R). The only non-grain fraction to show 
varietal differences in protein content was the stems. 
Although the difference was two-fold (1.4 to 3%) it is 
doubtful this would influence the nutritive value of the 
straw.
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Table 3. Physical composition of mature wheat plants.a
Composition Percent

Variety Leaves Stems
Non-Grain

Spikes Grain
Cajeme 71 20.8 16.6f 19.7 42.9b,c
NK-Probred 18.7 17. 2f 19.3 00

Yecora Rojo 17.3 17. 6f 22.6 42.5b,C
Zaragoza 20.3 19. 2e 19.6

oo\o

WPB 901 R 20.3

o1—I1—1 CM 18.0 40.6C,d
Super X 66 19.1 21.5° 18.8 40.6C,d
WS-6 18.3 20 . 8d 20.4 40.5C,d
Germains W444 19.1 24.9b 17.9 38. ld
WPB 903 R 17.5 ' 24.4b 20.2 37.9d
Standard deviation 

within varieties 1.4 .8 1.6 2.2
Mean, all varities 19 . 0 20.4 19.6 41.0
Standard deviation 

among varieties 1.2 3.0 1.4 2.2

aValues for each variety are means of three replications.
b/ c, d, e, fjyieans in the same column with different superscripts differ 

significantly (p < .05).



Table 4. Crude protein content of wheat plant fractions -a
Plant Fraction

Variety Leaves Stems
Non-Grain

Spikes Grain
a

Cajeme 71 5.2 2.8b,c 4.0 14.2b,c,d
NK-Probred 4.5 2.6b 'C 'd 3.7 15. 3b
Yecora Rojo 4.5 2.8b 'C 3.9 14.8b,C,d
Zaragoza 3.8 1.4e 3.8 13.0d,e
WPB 901 R 4.2 2.1C 'd 'e 3.8 . 12.7®
Super X 66 4.4 1.7® 4.4 14.4b 'C 'd
WS-6 4.4 1.9d,e 3.7 13.gC,d ,®

Germains W444 5.1 3. 0b 3.7 15.lb,C
WPB 903 R 4.7 2.1°,d,e 4.6 15.0b,C,d
Standard deviation

within varieties 1.0 0.4 0.5 0.8
Mean, all varieties 4.5 2.3 4.0 14.3 t
Standard deviation

among varieties 0.4 0.6 0.3 0.9

aValues for each variety are means of three replications. All values on 
dry matter basis.

b,c,d,eMeans game column with different superscripts differ
significantly (p < .05).
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Total ash content in the different plant fractions 

is shown in Table 5. Across varieties leaves and non-grain 
spikes were very similar in ash content (27.3 and 27.8%, 
respectively) and both were higher than stems and grain 
which had 11 and 2% ash, respectively. No varietal differ
ences (p > .05) were present in the grain fraction, but 
there were differences (p < .05) in ash among varieties in 
all non-grain fractions. The varieties WPB 901 R, WPB 903 R 
and WS 6 (31.3, 30.1 and 29.2%, respectively) had higher 
(p < .05) ash content in the non-grain spikes fraction than 
NK-Probred, Cajeme 71 and Yecora Rojo (26.3, 26.0 and 24.0%, 
respectively). Germains W444 had 29.3% ash in the leaves 
which was higher (p < .05) than NK-Probred and WPB 901 R 
which had 26.1 and 25.2% ash in the leaves fraction, respec
tively. Zaragoza had 9.0% ash in the stems which was the 
lowest (p < .05) among all varieties. Ash content in stems 
of the others was within a range of 10.2 to 11.8%.

Across varieties, IVDMD of grain, leaf, stem and 
non-grain spike fractions averaged 91, 46, 40 and 23%, re
spectively (Table 6). No differences (p > .05) were de
tected among varieties in IVDMD of grain or non-grain spikes 
but leaves from Cajeme 71, NK-Probred, Yecora Rojo and WPB 
901 R had higher (p < .05) dry matter disappearance (46.6 - 
49.6) than those from Super X 66 and WS 6 (43.4 and 42.9%, 
respectively. On the basis of IVDMD of stems, the varieties



Table 5. Total ash content of wheat plant fractions.a
Plant Fraction

Variety Leaves' Stems
Non-Grain

Spikes Grain
Q,

Cajeme 71 27.4C,d 11.0b,c
0

26.0e,f 1.9
NK-Probred 26.1d,e ll.lb,C 26.3e,f 2.1
Yecora Rojo • 27.2c,d 11. 7b 24.0£ 1.7
Zaragoza 27.5C,d . 9.06 • 27.1d,e 1.7
WPB 901 R 25.2e 10.7°,d 31.3b 1.6
Super X 66 28.lC,d 10. 2d 27.3d '® . 2.1
WS-6 28.4C 'd . 11.8b 29.2b 'C 'd 1.9
Germains W444 29.3^ 11.8b 28.8q,d'e 1.9
WPB 903 R 26.9c,d 11.5b,C 30.1b,C 1.9
Standard deviation

within varieties 0.9 0.5 1.5 0.2
Mean, all varieties 
Standard deviation

27.3 11.0 27.8 1.9

among varieties 1.2 0.9 2.3 0.2

aValues for each variety are means of three replications. All values on 
dry matter basis.

b , c,d , e, f,Means ^he same column with different superscripts differ
significantly (p < .05).



Table 6. In vitro dry matter disappearance (IVDMD) of wheat plant fractions.^
________________ Plant Fraction__________________

Non-Grain
Variety ________________Leaves_______ Stems________ Spikes_________ Grain

Cajeme 71 
NK-Probred 
Yecora Rojo 
Zaragoza 
WPB 901 R 
Super X 66 
WS-6
Germains W444
WPB 903 R
Standard deviation 

within varieties
Mean, all varieties
Standard deviation 

among varieties

49.6b 43.7bu&O00 42.9b
46.6° 42. 3b
46.5° 37.4°
48.2b 'C 36.0°
43.4d,e 41.6b
42.9e 36.3C
45.6C,d 38.7°
45.9C,d 36.4°

% ----- — —

24.7 
24.9
24.7 
27.4
19.8
22.8 
20.6 
20.0 
22.8

3.0 2.0
23.1 91.3

1.9 1.5
46.3 39.5

2.2 3.1 2.6 1.6
clValues for each variety are means of three replications. All values on 
dry matter basis.

b,c,d,eMeans £n same column with different superscripts differ
significantly (p < .05).

90.7
89.2
93.0
94.2
92.3
90.1
91.2
91.2 
90.1
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segregated into two groups (p < .05), those with values from 

' 41 to 44% (Cajeme 71, NK-Probred, Yecora Rojo and Super X 
66) and those with values from 36 to 39%.

Cell wall content (NDF) data are shown in Table 7. 
Across varieties total cell walls averaged 79, 78 and 6 8 and 
18% for stems, non-grain spikes, leaves and grain, respec
tively. Percent NDF in non-grain spike and grain fractions 
did not differ (p > .05)among varieties, but varietal dif
ferences (p < .05) were present"in -leaves and stem fractions. 
Differences in NDF. of leaves were not large but WS 6, WPB 
903 R, WPB 901 R and Super X (69.1,- 68.-8, 68.6 and 68.4%, 
respectively) were higher (p < .05) than Yecora Rojo and 
Cajeme 71 (65.6 and 65.4%, respectively). Zaragoza had the 
highest (p < .05) NDF in stems (84;6%), and among other 
varieties, NDF in stems ranged from 76.6 to 81.0%.

Acid detergent fiber (ADF) in stems, non-grain 
spikes, leaves and grain fractions averaged 57, 56, 50 and 
5%, respectively, across varieties. No differences (p > .05) 
were present among varieties in percent ADF in grain and 
non-grain spikes (Table 8). Small varietal differences 
(p < .05) were present in leaves (48 and 52%) and stems 
(55 and 58%) fractions.

Hemicellulose content of the different plant frac
tions is shown in Table 9. Averages across varieties in 
hemicellulose content were 23, 22, 17 and 14% for stems.



Table 7. Cell wall content (NDF) of wheat plant fractions.a
_______________Plant Fraction___________,
, Non-Grain

Variety   Leaves ._______Stems________ Spikes_____ Grain

Cajeme 71 65.4° 77.4e,f 78.0 18.1
NK-Probred 66.5b,C 78.3d,e,f 78.0 21.0
Yecora Rojo 65.6° 76.6f 77.5 13.6
Zaragoza 68.3b,C 84.6b 78.3 19.1
WPB 901 R 68. 6b 79.3c 'd,e 78.3 16.6
Super X 66 68.4b 81.0° 79.1 22.3
WS-6 6 9. lb 80.6C,d 79.3 15.9
Germains W444 67.0b,C 77.8e,f 79.0 18.8
WPB 903 R 68.8b 78.7C,d,e,f 78.3 18.7
Standard deviation 

within varieties 1.4 1.3 .1.1 2.9
Mean, all varieties 67.5 79.4 78.4 18.2
Standard deviation 

among varieties 1.4 2.4 0.6 2.6

^Values for each variety are means of three replications. All values on 
dry matter basis.

b,c,d,e,fMeans £n game column with different superscripts differ
significantly (p < .05).



Table 8. Acid detergent fiber (ADF) content of wheat plant fractions.a
Plant Fraction

Variety Leaves Stems
Non-Grain

Spikes Grain

Cajeme 71 48.0e 54.9d,e 55.1 4.9
NK-Probred 48.5d,e 55.2c,d,e 54.7 5.7 .
Yecora Rojo 48.6°'d 'e 54.7® 54.0 3.7
Zaragoza 51.1b,C 58. lb 55.9 3.4
WPB 901 R 50.7b,C,d 57.6b,C 57.6 4.1
Super X 66 51.3b 57.3b,C,d 56.1 5.7
WS-6 51.4b 57.5b,C 56.5 4.5
Germains W444 
WPB 903 R

51.8b 
50.9b,C,d

57. 8b
56i7b,c,d,e

57.5
57.4

5.1
5.1

Standard deviation 
within varieties 1.3 1.3 1.5 1.1

Mean, all varieties 50.3 56.6 56.1 4.7
Standard deviation 

among varieties 1.5 1.3 1.3 . 0.8

aValues for each variety are means of three replications. All values on 
dry matter basis.

b,c,d,eMeans £n game column with different superscripts differ
significantly (p < .05).



Table 9. Hemicellulose content of wheat plant fractions.a
.Plant Fraction

Variety Leaves Stems
Non-Grain

Spikes Grain
o.

Cajeme 71 17. 4b 22.5C,d 22.9 13.2b,c,d,e
NK-Probred 17.9b 23.1C 'd 23.3 15.4b,d,c
Yecora Rojo 17. 0b 21. 9d 23.5 10.0®
Zaragoza 17. 3b 26.5b 22.4 15.7b
WPB 901 R 17. 9b 21.7d 20.6 12.5c,d,e
Super X 66 17. 0b 23.7° 23.0 16. 6b
WS-6 17.7b 23.1C,d 22.8 11.4d,e
Germains W444 15.2C . 20.0® 21.4 13.7b '®'d
WPB 903 R 
Standard deviation

17. 9b 22.lC,d 20.9 13.6b,C,d,e

within varieties 0.8 0.9 1.2 1.9
Mean, all varieties 
Standard deviation

17.2 22.7 22.3 13.6

among:-varieties ■ 0.9 1.8 1.1 2.1

aValues for each variety are means of three replications. All values on 
dry matter basis.

b,c,d,eMeans same column with different superscripts differ
significantly (p < .05).
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non-grain spikes, leaves and grain fractions respectively.
No. differences (p > .05) were detected among varieties in 
percent hemicellulose in non-grain spikes fraction, but dif
ferences (p < .05) were present in leaves, stems and grain 
fractions. Zaragoza had the highest (p .< .,051 stem hemi
cellulose, 26.5% and Germains W444 had the lowest (p < .05) 
stem hemicellulose, 20.0%. Hemicellulose in stems of all 
other varieties ranged from 21.7 to 23.7%. Variety Germains 
W444 also had the lowest percent hemicellulose in leaves 
(p < .05). Varieties Super X and Zaragoza had higher 
(p < .05) grain hemicellulose (16.6 and 15.7%, respectively) 
than WS-6 and Yecora Rojo (11.4 and 10.0%, respectively).

Across varieties cellulose (Table 10) was higher in 
stems (40%)than in leaves and non-grain spikes (26 and 27%, 
respectively) and grain averaged * the lowest cellulose con
tent (3.3%). . No varietal differences (p < .05) were present 
in cellulose content of the grain, but differences (p < .05) 
were seen in all non-grain fractions within small ranges of
41.8 - 38.2%, 28.2 - 25.0% and 28.1 - 25.2% for stems, 
leaves and non-grain spike fractions respectively.

Lignin content data of the different plant fractions 
is shown in Table 11. Averages across .varieties were 13% 
for stems, while leaves and non-grain spike fractions aver
aged about the same (6.3 and 6.2%, respectively).and grain 
contained only 1.3% lignin. No differences (p > .05) were



Table 10. Cellulose content of wheat plant fractions.a
Plant Fraction

Variety Leaves Stems
Non-Grain

Spikes Grain
o.

Cajeme 71 25.9C,d,e,f
•6

38.8d,e 27. 8b 3.4
NK-Probred 25.7e,f 38.9d,e 26.9b,c 4.0
Yecora Rojo 25.0f 38.2® 28. lb 2.6
Zaragoza 27.4b,C 41. 8b 26.6b,C,d 2.5
WPB 901 R 28. 2b 39.8C,d,e 25.2d 2.9
Super X 66 26.6C,d,e 41.lb,C 27.0b,C 4.1
WS-6 25.7d,e,f 39.5c 'd,e 26.6b '®'d 3.1
Germains W444 26.0C,d,e,£ 40.2b;c,d 28. lb 3.8
WPB 903 R 
Standard deviation

26.8b,C,d 39.2C,d,e . 25.7°,d 3.7

within varieties 0.8 1.0 0.8 1.0
Mean, all varieties 
Standard deviation

26.4 39.7 26.9 3.3

among varieties 1.0 1.2 1.0 0.6

aValues for each variety are means of three replications. All values on 
dry matter basis.

b,c,d,e,f^eans £n same column with different superscripts different
superscripts differ significantly (p < .05).



Table 11. Lignin content of wheat plant fractions.a

Variety Leaves
Plant Fraction

Stems
Non-Grain

Spikes Grain

Cajeme 71 6.1 12.4 6.1
NK-Probred 5.9 12.2 6.1
Yecora.Rojo 6.0 12.2 6.3
Zaragoza 6.4 13.1 6.5
WPB 901 R 6.7 14.0 6.2
Super X 66 6.1 12.6 6.4
WS-6 6.2 13.1 6.3
Germains W444 6.0 12.6 5.5
WPB 903 R 6.9 13.9 6.4'
Standard deviation 

within varieties 0.5 0.8 0.4
Mean, all varieties 6.3 12.9 6.2
Standard deviation 

among varieties 0.3 0.7 0.3

1.5
1.61
1.1
1.0C
1.2

b,c

c ,d

b,c,d
1.6
le4b>c,d 

,b,c,d1.3
1.4

0.2
1.3

0.2

b,c ,d

Values for each variety are means of three replications. All values on
dry matter basis.

b , c , d.Means in the same column with different superscripts differ signifi
cantly (p < .05).
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observed among varieties in lignin content of any non-grain 
fraction, but differences (p < .05) were present in the 
grain fraction within an extremely small range of 1.6 to 
1.0%. Varieties Super X and NK-Probred were higher (p <
.05) with 1.6% lignin than. Yecora and Zaragoza with 1.1 and 
1.0% lignin, respectively. Mean lignin contents of all 
other varieties were not different (p > .05).

Across varieties acid insoluble ash (AIA), shown in 
Table 12, averaged 23.18- and 4% for non-grain spikes, leaves 
and stems respectively. Varietal differences (p < .05) 
were observed i n .all three fractions. The varieties WPB 
901 R and WPB 903 R (26.3 and 25.3%, respectively) had 
higher (p < .05) AIA in the non-grain spikes^fraction than 
NK-Probred, Cajeme 71 and Yecora Rojo (21.8, 21.3 and 19.6%, 
respectively). The varieties Germains W444 and WS-6 had 
4.9% AIA in the stem fraction and they were both higher 
(p < .05) than Zaragoza which had 3.1% AIA in the stems. 
Germains W444 also had one of the higher AIA in the leaves 
fraction with 19.8% which was higher (p < .05) than NK- 
Probred, Cajeme 71 and WPB 901 R (16.9, 16.1 and 15.7%, 
respectively) which were also in the bottom line in non
grain spikes AIA content.

Commercial Field Observations
Dry matter production data from the commercial 

planting of Pavon wheat in the Yaqui valley is shown in



Table 12. Acid insoluble ash (AIA) of wheat plant fractions.a
Plant Fraction

Variety Leaves Stems ,
Non-Grain

Spikes
o._

Cajeme 71 16. le
o

3.9b,C,d 21.3d,e
NK-Probred 16.9d,e 4.1b 'C'd 21.8d,e
Yecora Rojo 17.6b,C,d ,e 4 . 4b,C 19.6®
Zaragoza 1 7 .3c,d,e 3 . ld 22.8C,d
WPB 901 R 15. 7e 3.8C,d 26. 3b
Super X 66 18.7b,C'd 3.6C 'd 22.7c,d
WS-6 19.4b,C 4.9b 23.6b,C,d
Germains W444 19. 8b 4.9b 24.0b,C,d
WPB 903 R 17.1d,e 3 . 6C ,d 25.3b,C
Standard deviation

within varieties 1.2 0.5 1.5
Mean, all varities 17.6 4.0 23.0
Standard deviation

among varieties 1.4 0.6 2.0

aValues for each variety are means of three replications. All values on 
dry matter basis.

b,c,d,eMeans £n same column with different superscripts differ signifi
cantly (p < .05).
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Table 13. Mean plant height (average of nine measurements
was 33.5 inches before combining and 11.4 inches (average of
seven measurements) after combining. This last measurement
is quite variable since the machine operator can control it
when desirable as in lodged wheat. Total dry matter produc-

2 2tion from the random 8 m and 1 m samples measured before 
combining were 11.5 and 1.9 kg respectively which gave a 
calculated production of 14,908 kg per hectare. Grain pro
duction was estimated at 5,500- kg/ha and removal of baled 
straw at 3,105 kg/ha. Thus an estimated 6,302 kg/ha of 
uncollected material remained after grain harvest and straw 
baling.

Table 13. Wheat field dry matter measurements.a

Yield per ha (kg)

Total dry matter 14,908.0
Baled straw 3,106.0
Grain'*3 5,500.0
Uncollected material 6,302.0

^Located in the Yaqui Valley, Mexico. 
^Assumption, data not available.
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Physical composition of wheat straw bales data 

showed that across varieties and locations averages of 
stems, leaves and non-grain spike fractions were 59, 29 and 
12%, respectively (Table 14).

Table 14.: Physical composition of wheat straw bales.a

Composition, Percent
Variety Leaves Stems

Non-Grain
Spike

Grown in Mayo Valley:
Pavon 32.4 43.3 24.3
Nacozari 23.2 71.2 5.6
Pima 33.8 58.3 7.9

Mean 29.8 57.6 12.6
Standard Deviation 5.8 14.0 10.2

Grown in Yagui Valley: '
Pavon 25.7 63.5 10.8

Mean, all measurements 28.8 59.1 12.1

aWheat grown in Mexico. The sample size from the Mayo 
Valley bales were 1.8, 1.0 and 0.9 kg for Pavon, Pima and 
Nacozari, respectively, and 0.6 kg for Pavon grown in the 
Yagui Valley.



DISCUSSION

In general, data from the variety test samples indi
cate that there are genetic differences in physical composi
tion of wheat plants and in chemical composition and IVDMD 
of the various parts. In this study, the grain and non- 
grain fractions averaged 41 and 59% respectively across 
varieties which emphasizes the importance of improving the 
utilization of non-grain residues from small grain produc
tion.

Within the non-grain fraction, leaves had the high
est potential nutritive value with IVDMD across varieties 
averaging six percentage units higher than for stems (46 vs 
40%) and twenty-three percentage units higher than for non
grain spikes (46 vs. 23%). These results are similar to those 
reported by Kilcher and Troelsen (1973), who found that 
leaves were 10% more digestible than stems in two oat cul- 
tivars as determined by in vitro digestible organic matter. 
Also, Mowat (1968) has pointed out that it is widely assumed 
that leaves are much superior to stems in nutritive value 
and leafiness is often used as a criteria in the selection 
of new forage varieties and also in judging and grading hay. .

In this study, the physical composition of harvested 
(baled) straw was different from that obtained from the

36
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variety test samples (Table 15). It should be pointed out 
that the precision of commercial field observations for 
total dry matter production (Table 13) and physical analysis 
of bales (Table 14) is probably lower than for the variety 
test samples because of the small sample size, location and 
variety effects, sampling errors and assumptions of grain 
yield. While stems, leaves and non-grain spikes each con
tributed about equally to the total non-grain residues in 
the variety test, stems comprised nearly_60% and non-grain 
spikes only .12% of the baled straw. It was not possible to 
determine whether the increase in percent stems was due only 
to the low recovery of non-grain spikes during baling or 
whether loss of leaves also occurred.

Table 15. Comparisons between variety test samples and
commercially baled straw in physical composition.

Plant Fraction . . Variety Testa Baled Straw*3

Q-

Leaves 32.2
o

28.8
Stems 34.6 59.1
Non-Grain Spikes 33.2 1 2 . 1

aAcross 9 varieties means, whole plant analysis.
^Means of four samples from three varieties (Pavon, Nacozari 
and Pima) grown in Mexico.
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It is interesting that recovery of straw by baling 

was relatively inefficient. It was also estimated (Table 
13) that 9,400 kg of non-grain material was produced per ha 
in the commercial planting and only one-third of that (3100 
kg/ha) was recovered by baling. While the efficiency of 
straw harvest is affected by the height at which the straw 
is cut, type of machinery utilized and proficiency of the 
operator, the baled straw yield from this study is similar 
to other-estimates made for short-stemmed wheat varieties 
("New Challenges for the Beef Cattle Industry," 1 9 7 5 ) . It may
be possible to increase yield and- perhaps nutritive value of 
the straw by improving collection methods and the efficiency 
with which leaf material is conserved.

It may also be possible to select for decreased 
stemines (increased leafiness) and increased stem quality in 
cereal residues. Table 16 shows there was a range of nearly 
15 percentage units in the percent stems for the nine varie
ties evaluated in this study and the variation in percent 
stems (Table 3) and IVDMD of stems (Table 6 ) among varieties 
was greater than within varieties. Furthermore, percent 
stems in the straw was negatively correlated with percent 
grain (r = -.85; p < .05) and field grain yield (r = -.50), 
although the latter relationship was not significant (p >
.05). The differences among varieties in IVDMD of leaves
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Table 16. Relationships between percent stems in the 

vegetative residue and grain yield.a

Variety
%

Stems
%

Grain
Grain Yield 

lb/acre
Cajeme 71 45f 43b,c 7050b,C
NK-Probred 48e 45b 7340b
Yecora Rojo 50d 'e 43b 'c 6860b,C
Zarogoza. 49S 41b,c,a 7740b
WPB 901 R 51d,e 41c 'd 7 4 5.0b
Super X 6 6 53d

ra0
 1—

1 7030b,C
WS - 6 54C 'd 41G 'd 6380°
Germains W444 57b,C . 38d 6330°
WPB 903 R 59b 38d 7010b,C

Correlation with 
' % stems -.85* -.50

^Vegetative residue includes only leaves and stems, percent 
grain is expressed as a percent of the total plant. Grain 
yield from Arizona Agri-file (Appendix A). Each value is 
the mean of three replications.

b , c , d , e , f]neans £n the same column with different super
scripts differ significantly (p < .05).

*p < .05.
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and stems (Table 6 ) suggest that improvements in straw 
quality could be made through genetic selection.

Differences in digestibility of forages are related 
to their content of various cell wall components. Van Soest 
(1965) has shown that digestibility of forages is negatively 
correlated with content of acid detergent fiber arid lignin. 
Van Soest and Jones (1968) reported that a high content of 
metabolic silica has an additional detrimental effect in 
digestibility.

All non-grain fractions contained high percentage of 
ADF, although leaves contained less (50%) than did stems and 
non-grain spikes (56%). Stems contained twice as much lig
nin (13 vs 6 %) as leaves and non-grain spikes. This is in 
agreement with observations of Kilcher and Troelsen (1973) 
who worked with oats and .reported that lignin content is 
higher and develops more rapidly in stems than in leaves.
In this study acid insoluble ash (an estimate of silica con
tent) was low in stems (4%) but high in both leaves (18%) 
and non-grain spikes (23%). Jones, Milne and Wadham (1963) 
found that the glumes, paleae and lemmas of cereals contain 
higher concentrations of silica than the vegetative parts. 
Handreck and Jones (1968) reported that leaf blades, leaf 
sheath, inflorescence (excluding caryopsis) and culm in oats 
contained 5.3, 4.1, 7.7, and 1% silica as a percent of the
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dry matter, respectively, a pattern more or less the same as 
for wheat and barley.

Table 17 shows the linear correlation coefficients 
between IVDMD of the various plant parts and their content 
of cell wall components. Acid detergent fiber was nega
tively correlated (p < .05) with IVDMD of all fractions 
(r = -.71 to -.96),. Lignin was negatively correlated (p < 
.05) with IVDMD for only stems (r = -.87) and grain (r =
-.95) and AIA was correlated (p < .05) only with IVDMD of 
leaves (r = -.83). It is interesting that even though con
tent of all cell wall components was low in grain that IVDMD 
was correlated (p < .05) with ADF, cellulose and lignin 
content. This supports the conclusion of Doyle (1978) that 
cell wall composition may be more of an influence on nutri
tive value of grain than has been previously believed.

The relationships between cell wall composition and 
IVDMD might be of importance but research is needed, on the 
heritability and fixation of factors related to digestibility 
of cereal residues. The feasibility or possibility of selec
tion for desirable traits in straw is a field for plant 
genetists and must be linked to the primary purpose of 
cereal crops, production of grain.

More research is needed on variability in straw 
quality, feasibility of improving the quality and methods of 
residue collection. Nutrient evaluation during the early



Table 17. Correlation coefficients between IVDMD of wheat plant fractions 
and their content of cell wall components.a

Plant 
Fraction ..........

Cell Wall Components Percent
' ' NDF. ADF Hemicellulose Lignin Cellulose AIA

Leaves -.61 -. 71b .21 i .04 .13 -. 83b
Stems . -.45 -. 79b — .03 -. 87b -.37 -.03
Non-Grain Spikes -.58 . -. 71b .56 .47. .24 -.64
Grain -. 54 -. 96b -.30 -. 95b -. 92b _c

^Correlations among variety means determinations on dry matter basis. 
^Significant (p < .05).
^Correlation coefficient could not be calculated since no AIA was found in 
grain fraction.



stages of plant breeding programs could be helpful in estab
lishing superior varieties. The variation in physical and 
chemical composition and particularly in IVDMD Of leaves 
and stems among the small sample of wheat varieties investi
gated in this study indicates that quality differences in 
wheat straw do exist. Further, results of this study sug
gest that straws with improved feeding value could be 
identified and/or developed without necessarily having an 
adverse effect on grain yield.



SUMMARY

Varietal effects on composition and in vitro dry 
matter disappearance of straw were investigated using whole 
plants from nine wheat varieties grown in a yield test.
Yield and physical composition data for baled straw were 
also obtained" from commercial wheat plantings in Mexico.
The major findings of these studies are as follows:

• 1. In the variety test samples 59 percent of the total 
wheat plant was found in non-grain fractions.
Stems, leaves and non-grain portion of the spike 
each contributed equally to the non-grain fraction.

2. Significant differences were found among the nine 
varieties evaluated in percent stems and percent 
grain. Percent grain and field grain yield were 
negatively correlated with percent stems in the 
straw (r = -.85 and -.50, respectively).

3. Leaves had the highest, and non-grain spikes the 
lowest nutritive potentional among non-grain frac
tions. Selection for leafiness and/or improvement 
of harvesting methods to increase leaf recovery 
could improve straw quality.

4. Significant differences were found among the varie
ties evaluated in in vitro digestibility, and content 
of most chemical components in stems and leaves.
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Although the magnitude of the differences was usu
ally small, their existence is encouraging since 
only a small sample of varieties was evaluated.
It was estimated in the commercial fields observa
tions that 63% (9,400 kg per hectare) of the total 
dry matter produced was non—grain material. Only 
one-third (3,100 kg per hectare) of the non-grain 
material was recovered by baling. The baled straw 
contained 60% stems, 28% leaves and 1 2 % non-grain 
spikes.
Additional research is needed on quality of straw 
from small grains. This study suggests that im
provement in straw quality without adversely affect
ing grain production is possible. Information in 
variation in straw quality, and heritability of 
straw quality factors is needed.
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e Exten$/0 S:
Field Crops 254.100

WHEAT VARIETY TEST 
Dennis Layton, Farm 

Graham County 
‘ Thatcher, Arizona 

Elevation: 2900 ft.
Crop History:
Planted: January 7, 1978
Seeding Rate: 150 lbs/acre
Previous Crop: Cotton
Harvested: June 27, 1978 , '
Soil Type: Clay Loam
Irrigation: Six irrigations were applied for a season’s total of three

acre feet per acre.
Insecticides: Thimet at 1 lb/acre of active ingredient for control of aphids.

Time of Lbs
Source Lbs/acre application Lbs N/acre P^Oq/acre

Fertilization:

16-20-0
Urea

Plot Size 12 x 375 ft.

300
125

At planting 
March 15 
Total

48
56

104

60

60

Yield 
Rep 1

(lbs/plot) 
Rep 2 Rep 3

Average 
Yield (lbs)

He
(in)

Bu Wt 
(lbs)

Yield2
(lbs/acre)

Zaragoza 699 868 832 800 30 62 7740 a
WPB 901R 653 858 797 769 30 64 7450 a
NK Probred 714 779 781 758 30 63 7340 a
Cajeme 71 689 .766 730 728 30 63 7050 ab
Super X 66 725 709 745 726 36 64 7030 ab
WPB 903R 694 740 740 725 42 64 7010 ab
Yecora Rojo .673 709 745 709 28 64 6860 ab
WS-6 621 663 694 659 36 62 6380 b
Germains W444 601 668 694 654 37 64 6330 b

■̂ All yields adjusted to a 10% moisture content. Harvest moisture for all plots 
averaged 7.5%.

^Yields followed by the same letter are not significantly different at .05 level 
by Student-Newman-Keuls’ test.

Ron Cluff, Graham County Agricultural Agent; David K. Parsons, Assistant Agricultural 
Agent-Field Testing and Robert E. Dennis, Extension Agronomist. 1978

Issued in furtherance of Cooperative Extension work, acts of May 8 
and June 30. 1914. in cooperation with the U.S. Department of 
A griculture. Darrel S. M etcalfe. Acting D irector. Cooperative  
Extension Service. College Of Agriculture, The University of Arizona,
Tucson. Arizona.

The University of Arizona College of Agriculture is an ecual oppor
tunity employer authorized :o provide research, educational informa
tion and other services only to individuals and institutions that 
function without regard to race, color, sex or national origin.
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..„e Ex,«"«/o • J!

Field Crops 257.20
WHEAT QUALITY EVALUATION 

Dennis Layton Farm 
Graham County 

Thatcher, Arizona ■
Elevation: 2900 ft.
Crop History:
Planted: January 7, 197J3
Seeding Rate: 150 lbs/acre
Previous 'Crop: Cotton
Harvested: June 27, 1978
Soil Type: Clay Loam
Irrigation: Six irrigations were applied for a season's total of three

acre feet per acre.
Insecticides: Thimet at 1 lb/acre of active ingredient for control of aphids.
Fertilization:

Source lbs/acre 
16-20-0 300
Urea 125

Plot Size: 12 x 375 ft.

Time of 
application 
At planting 
March 15 
Total

lbs N/acre 
48 
56 
104

lbs 
P?0g/acre 

60
~W~

E ntry Y ie ld l /
( lb s /a c re )

Grade Dockage
(5 )

T es t W eight 
(lb s /b u s h e l)

Shrunken and 
Broken Kernels  

(%)
Seeds/lb

Zaraaoza 7740 #1 S o ft Red W inter-W heat 0 .1 0 6 2 .0 9930
WPS 901 R 7450 #1 Hard Red W in ter Wheat 0 .0 5 6 3 .8 0 .5 6  • 11950
NK Prcbred 7340 #1 Hard Red W in ter Wheat 0 .06 64 .3 9150
Cajeme 7050 SI  Hard Red W in ter Wheat 0 .0 5 63 .6 8950
Super X66 7030 #1 Hard Red W in ter Wheat 0 .2 0 63 .4 10530
WPS 903 R (Aim) 7010 #1 Hard Red W in ter Wheat 0 .1 0 6 4 .4 12010
Yeccra Rojo 6860 #1 Hard Red W in ter Wheat 0 .0 8 ' “ 6477 89 40
WS-6 6380 #1 Hard Red W in ter Wheat 0 .5 4 6 3 .4 10560
Germain W444 6330 #1 Hard Red W inter Wheat 0 .0 4 6 4 .3 10510

I f  Y ie ld  data and sample fo r  an a ly s is  obtained from y ie ld  t r i a l  d e ta ile d  in  A g r i . - F i l e ,  F ie ld  Crops 2 5 4 .100 .

—/  David K. Parsons, A s s is ta n t Extension S p e c ia l ls t -F ie ld  T e s tin g ; Thomas S to ry , Manager o f  A g r ic u ltu ra l  
- Seed L a b o ra to rie s , Phoenix, A rizona; and Robert E. Dennis, Extension Agronom ist, U n iv e rs ity  o f  A rizo n a , 

1978.

The University of Arizona College of Agriculture is an equal oppor
tunity employer authorized to provide research, educational informa
tion and other services only to individuals and institutions that 
function without regard to race, color, sex or national origin.

Trade names used m this publication are for identification only and do 
not imply enoorsement of products named or criticism of similar 
oroducts not mentioned.

Issued in furtherance of Cooperative Extension work, acts of May 8 
and June 30. 1914. in cooperation with the U.S. Department of 
Agriculture. Darrel S. M etcalfe. Acting Director. C ooperative  
Extension Service. College of Agriculture. The University of Arizona. 
Tucson. Arizona.
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Table.18. Analysis of variance of physical composition data 

in Table 3.

Mean Squares
Sources of 
Variation d.f. Leaves Stems

Non-Grain
Spikes Grain

Block 2 42.88* 1.96 1.49 41.92*
Treatment 8 4.41 27.16* 5.94 14.79*
Error 16 1.85 0.59 2.59 4.74

*Significance (p < .05) .

Table 19. Analysis of Variance of crude protein in Table 4.

Mean Squares
Sources of 
Variation d.f. Leaves Stems

Non-Grain
Spikes Grain

Block 2 6 .0 2 * 0.35 3.35* 3.20*
Treatment 8 0.54 0.90* 0.33 2.58*
Error 16 0.95 0.16 0.24 0.63

*Significance (p < .05).
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Table 20. Analysis of variance of total ash in Table 5.

Mean Squares
Sources of 
Variance d.f. Leaves Stems

Non-Grain
Spikes. Grain

Block 2 1.51 .30 3.59 . 1 2

Treatment 8 3.99* .2.63* 15.46* . 07
Error 16 . 8 8 . 2 1 2.25 .05

*Significance (p < .05) .

Table 21. Analysis of variance of IVDMD data in Table 6 .

Mean Squares
Sources of 
Variance d.f. Leaves Stems

Non-Grain
Spikes Grain

Block 2 1.92 1 . 0 0 3.20 1.99
Treatment 8 14.28* 29.32* 2 0 .0 2 . 7.44
Error 16 2.43 2 . 1 1 8.91 4.14

*Significance (p < .05).
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Table 22. Analysis of variance of NDF in Table 7.

Mean Squares
Source of 
Variance d.f. • Leaves Stems

Non-Grain
Spikes Grain

Block 2 23.1* 1.58 1.76 9.24
Treatment 8 5.95* 17.56* 1 . 0 1 20.54
Error 16 1.98 1.65 1.32 8.40

*Significance (p < .05) .

Table 23. Analysis of variance of ADF in Table 8 .

. . . Mean Squares
Source of 
Variance d.f. -Leaves Stems

Non-Grain
Spikes Grain

Block 2 0.62 0.27 1 . 2 2 0.13
Treatment 8 6.31* 5.37* 5.09 2 . 0 1

Error 16 1.76 1.60 2.31 1.32

*Significance (p < .05).
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Table 24. Analysis of variance of hemicellulose in Table 9.

Mean Squares
Source of 
Variance d.f. Leaves Stems

Non-Grain
Spikes Grain

Block 2 26.26* 3.10* 1.48 7.51
Treatment 8 2.23* 9.41* 3.33 13.41*
Error 16 0.57 0.76 1.48 3.48

*Significance (p < .05) .

Table 25/ Analysis of variance of cellulose in Table oH

Mean Squares
Source of 
Variance d.f. Leaves, Stems

Non-Grain
Spikes Grain

Block 2 1.56 3.23 1.74 .05
Treatment 8 2 .8 8 * 4.10* 3.09* 1 . 1 1

Error 16 0.60 0.99 . 6 6 0.96

*Significance (p < .05).
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Table 26. Analysis of variance of lignin in Table 11.

Mean Squares
Source of 
Variance d. f . Leaves Stems

Non-Grain
Spikes Grain

Block 2 .19 10.04* .38 .09
Treatment 8 .38 1.36 .28 .16*
Error 16 . 2 0 .62 .14 .04

•*Significance (p < .05) .

Table 27. Analysis of variance of AIA in Table 12.

Mean Squares
Source of 
Variance- d . f . - ‘ Leaves Stems

Non-Grain
Spikes

Block 2 1.96 0.80 1.79.
Treatment 8 5.96* 1 .1 1 * 12.38*
Error 16 1.39 0.26 2.37

^Significance (p < .05).
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Table 28. Analysis of variance of percent stems in Table 16.

Sources of 
Variance d.f. Mean. Squares
Block 2 50.23*
Treatment 8 60.00*
Error 16 3.74

*Significance (p < .05).
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